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(57)Abstract: 

PURPOSE: To provide the polysulfone resin hollow yarn membrane for medical purposes which 
is a hollow yarn membrane having less adhesion of blood proteins, platelets, etc., on the 
membrane surfaces and to be less changed in filtration rate with the lapse of time and has 
excellent safety. 

CONSTITUTION: This polysulfone hollow yarn membrane for medical purposes is the hollow 
yarn membrane composed of polysulfone and polyvinyl pyrrolidone and has 20 to 50% presence 
ratio of the polysulfone on particulrly the inside surface of the hollow yarn membrane with 
which blood comes into contact directly. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The medical-application polysulfone hollow fiber characterized by being the hollow 
fiber which consists of polysulfone system resin and a polyvinyl pyrrolidone, and the abundance 
of the polyvinyl pyrrolidone in a film internal surface being 20% or more and 50% or less. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a polysulfone hollow fiber, and relates to the 
suitable medical-application polysulfone hollow fiber for hemodialysis and blood filtration 
especially aiming at the therapy of renal failure. 
[0002] 

[Description of the Prior Art] Although the artificial kidney of current various kinds is used for 
the therapy of renal failure, these most are for removing the wastes in the blood which makes a 
urea representation by performing hemodialysis and blood filtration using a hollow fiber. 
Therefore, in order that blood may contact the film, as a membranous material, the safe material 
is used to living bodies, such as a cellulose, cellulose acetate, a polyacrylonitrile, polysulfone, 
polymethylmethacrylate, and an ethylene- vinylalcohol copolymer. 

[0003] On the other hand, if there is much adhesion on film front faces, such as blood protein, in 
order that the dewatering capacity stabilized in stability is searched for for treating since 
hemodialysis and blood filtration need 4 to 5 hours therapy time amount, but dewatering capacity 
may decline with time, a hollow fiber adhesion of the corpuscle component which makes 
adhesion of blood protein or a platelet representation excelled [ hollow fiber ] in few anti- 
thrombus nature and biocompatibility is desired. 

[0004] It is thought that it is useful to give a hydrophilic property to the film generally as a 
means to solve such a technical problem. For example, a membranous hydrophilic property is 
raised to JP,2-18695,B by making content in the inside of the film of a polyvinyl pyrrolidone into 
5 to 70% in the film which consists of a polyvinyl pyrrolidone which are a hydrophobic giant 
molecule and a hydrophilic giant molecule. Although the method of raising biocompatibility and 
anti-thrombus nature is indicated, the hollow fiber internal surface which is the publication only 
about a membranous presentation ratio and becomes the most important for determining the anti- 
thrombus nature of a hollow fiber by which blood contacts directly and is used for medical 
application, and biocompatibility is not indicated at all. 



[0005] the film which contains a hydrophilic giant molecule in JP,61-402,A or JP,62-38205,A on 
the other hand only at a compact layer side — moreover, although the film with which the 
polyvinyl pyrrolidone was unevenly distributed in the internal-surface side of a hollow fiber is 
indicated by JP,4-300636,A, it is only the publication of a hydrophilic giant molecule existing in 
the section near the front face which both contacts the film front face, i.e., blood, itself, and the 
concrete publication about the property is not made at all. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the polysulfone 
hollow fiber of the suitable medical application for hemodialysis and blood filtration excellent in 
anti-thrombus nature and biocompatibility. 
[0007] 

[Means for Solving the Problem] In order to offer the medical-application hollow fiber excellent 
in anti-thrombus nature and haemocompatibility, this invention persons come to complete this 
invention wholeheartedly as a result of examination. That is, this invention is a hollow fiber 
which consists of polysulfone system resin and a polyvinyl pyrrolidone, and is the polysulfone 
hollow fiber of the medical application characterized by the abundance of the polyvinyl 
pyrrolidone in an internal surface being 20% or more and 50% or less. 
[0008] This invention is explained below at a detail. Although polysulfone system resin is 
especially the generic name of the high molecular compound which has sulfone association and 
it does not specify, when an example is given, the polysulfone system resin shown by following 
the (I) type or (2) formulas is marketed widely, since acquisition is also easy, it is desirable, and 
polysulfone resin with the chemical structure shown by (1) formula especially is good. The 
polysulfone resin with this structure is marketed by the trade name of you Dell from the Amoco 
performance products, and especially although some classes exist with polymerization degree 
etc., it is not scrupulous. 
[0009] 
[Formula 1] 




[0010] Moreover, the polyvinyl pyrrolidone of various molecular weight is marketed by a plus 
boss's trade name for example, from insertion sequence Py, and a polyvinyl pyrrolidone can use 
the polyvinyl pyrrolidone of every molecular weight in this invention. Since the residual 
percentage of the polyvinyl pyrrolidone to the inside of the film becomes large so that molecular 
weight is large, a with a molecular weight of 300,000 or more polyvinyl pyrrolidone is used 
preferably. 



[0011] The dryness-and-moisture type film production technique which is a technique generally 
known from before on the occasion of film production of a hollow fiber can be used. The 
solution which carried out dissolution mixing is used for the solvent which dissolves both 
polysulfone system resin and polyvinyl pyrrolidone in common as a film production undiluted 
solution for performing dryness-and-moisture type film production. Although it does not specify 
especially as this solvent, it is high, and since acquisition is also easy, solvents, such as N,N- 
dimethylacetamide, N, and N-dimethyl formamide, N-methyl pyrrolidone, and dimethyl 
sulfoxide, can also use solubility simple. N,N-dimethylacetamide is the most desirable when 
safety, cost, etc. to the solubility and living body to polysulfone are considered especially. 
Although these solvents can be used of course independently, it can be used even if it mixes the 
solvent of the class beyond two sorts or it, in order to adjust the solubility which carries out a 
polymer pair. 

[0012] Since film formation will become difficult if the concentration of this polysulfone system 
resin is too low, and film reinforcement becomes weak, or spinning nature will worsen if too 
high, or phenomena, like an aperture becomes small arise Although it is desirable that they are 
15 - 20 % of the weight and further 16 - 18 % of the weight especially 12 to 25% of the weight, it 
can also make it high to make it lower than this range depending on the description of the hollow 
fiber which it is not limited to this range and made into the purpose. 
[0013] A part of the polyvinyl pyrrolidone added in the film production undiluted solution 
remains in the film in the process in which the film is formed. Since the residual rate changes 
with the molecular weight and the spinning conditions of a polyvinyl pyrrolidone, although the 
optimal concentration of a polyvinyl pyrrolidone changes, generally its 1 - 20 % of the weight is 
good, and 3 - 10 % of the weight is still more preferably good [ concentration ] two to 15% of the 
weight preferably. Since a polyvinyl pyrrolidone becomes easy to remain in the film as 
molecular weight becomes large, the concentration may be low when the molecular weight of a 
polyvinyl pyrrolidone is large. For example, especially when the molecular weight of a polyvinyl 
pyrrolidone is 300,000 or more, it is desirable that it is 3 - 7 % of the weight one to 15% of the 
weight. 

[0014] Since the polyvinyl pyrrolidone which remains in the film will decrease too much if 
lower generally than 1 % of the weight, the polyvinyl pyrrolidone which exists in a hollow fiber 
internal surface becomes 20% or less, hydrophilization becomes inadequate, adhesion of blood 
protein becomes intense, and the stable dewatering engine performance is no longer obtained. 
Moreover, since the viscosity of a film production undiluted solution will become high too much 
and film production will become difficult if higher than 20 % of the weight, the addition of a 
polyvinyl pyrrolidone is within the limits, and should be set [ above-mentioned ] up suitably. 
[0015] Moreover, for the aperture control of a hollow fiber made into the viscosity control or the 
purpose of this film production undiluted solution, it is also possible to add nonsolvents, such as 
tetraethylene glycol, propylene glycol, ethanol, isopropyl alcohol, a glycerol, and water, and it 
can choose suitably according to the description of the hollow fiber made into the purpose about 
the class and an addition. What is necessary is for film production of a hollow fiber to extrude 
internal coagulation liquid, and to make it run the distance of lm from 5cm, and to carry out the 
dipping of it and just to roll it round after that the back and into a coagulation bath, from a core 
part, at the same time it extrudes this film production undiluted solution from the sheath using 
the spinning port of a tube in orifice mold. 

[0016] Although the liquid which made water the subject as internal coagulation liquid and 
coagulation bath liquid is used, in order to discover the description of the hollow fiber made into 



the purpose, the solvent of polysulfone resin and the mixed liquor of water can be used. It is that 
still more desirable one considers as 3,000 to 4,500 centipoise on the occasion of film production 
although it is desirable that it is the undiluted solution viscosity at the time of film production, 
and is 1,500 to 6,000 centipoise as for important one. That is, although the part is eluted into a 
coagulation bath at the time of film coagulation since a polyvinyl pyrrolidone is water solubility, 
it is because the spreading diffusion of a polyvinyl pyrrolidone is suppressed by making 
undiluted solution viscosity high and it becomes easy to remain in the film. 
[0017] Although the mileage of the air section is still more important, when the dipping of the 
hollow filament is carried out into a coagulation bath in the condition that it is not fully 
completed as the reason, membranous formation, i.e., coagulation, but the spreading diffusion of 
the polyvinyl pyrrolidone can still be carried out, it is because a polyvinyl pyrrolidone is eluted 
into a coagulation bath and a polyvinyl pyrrolidone stops remaining into the film. 
[0018] Therefore, as for the film production undiluted solution extruded from the spinning port, 
it is desirable to fully have solidified, by the time a dipping is carried out into a coagulation bath, 
and it is desirable that time amount after a film production undiluted solution is extruded from a 
spinning port for that purpose until a dipping is earned out into a coagulation bath is 0.1 seconds 
or more and 0.3 more seconds or more. When for that a spinning rate is a part for 50m/, the 
distance of the air section is good to be about referred to as 8cm or more and 25 morecm or 
more. Moreover, although it is so desirable that it is not necessarily specified and enlarges about 
the upper limit, since it will become easy to generate the thread breakage if it enlarges not much, 
it is good that it is the range which does not exceed 100cm. 

[0019] The hollow fiber by which the dipping was carried out to the coagulation bath rolls round, 
after rinsing in a wash bath further if needed. In order to remove a non-washed residual solvent, 
that what is necessary is for warm water etc. just to wash further, the obtained hollow fiber can 
make aperture hold-back agents, such as a glycerol, able to adhere if needed, and can also be 
dried. Thus, the polyvinylpyrrolidone abundance on the front face of the film had become 20% 
or more and 50% or less, the obtained hollow fiber was excellent in anti-thrombus nature and 
biocompatibility, and its film surface adhesion of protein, a platelet, etc. was also slight. This 
film demonstrates big effectiveness, in order to have the stable dewatering capacity and to treat 
hemodialysis, blood filtration, etc. to stability. 

[0020] By the way, although the detail about the dewatering capacity stabilized why by making 
the abundance ratio on the front face of the film of a polyvinyl pyrrolidone into 20% or more 
being acquired is unknown Abundance required for the polyvinyl pyrrolidone which is the giant 
molecule of a hydrophilic property to cover the surface section of the polysulfone which is the 
hydrophobicity which is originally easy to adsorb protein etc., and hide it is 20% or more. Since 
hydrophilization of the film front face is fully carried out as the result, it is expected that the 
dewatering capacity by which adsorbent [ of the protein on the front face of the film etc. ] was 
weakened and stabilized is acquired. 

[0021] Moreover, since a problem may crop up on safety in order that the engine performance is 
stable since hydrophilization of the film front face is further carried out if the abundance on the 
front face of the film of a polyvinyl pyrrolidone is larger than 50%, but on the other hand the 
danger that a polyvinyl pyrrolidone will be eluted in blood in the time of hemodialysis etc. may 
follow, as for the abundance of a polyvinyl pyrrolidone, it is desirable that it is 50% or less. 
[0022] In addition, the abundance of the polyvinyl pyrrolidone on the front face of the film as 
used in the field of this invention say the abundance calculated from the nitrogen content and 
sulfur content in the film surface section for which blood be the abundance in the pole surface 



section in contact with the film, and it specifically asked with the X ray photon spectrum (X-ray 
photoelectron spectroscopy, henceforth, XPS), and when polysulfone resin be the structure of (1) 
type, it can ask by count by (3) types. 
[0023] 
[Equation 1] 

iiifax lit 

Mff^xiil + it^X4 4 2 

■ ■ - (3) 

[0024] 

[Example] This invention is explained based on an example and the example of reference below 

at a detail. 

[0025] 

[Example 1] The homogeneity dissolution of the polysulfone resin (Amoco performance 
products, P-1700) 18 section, the polyvinyl-pyrrolidone (insertion sequence Py, plus boss K-90, 
molecular weight 360000) 5 section, and the N.N-dimethylacetamide 77 section was earned out. 
This undiluted solution had the viscosity of 3,800 centipoises at 45 degrees. Coincidence was 
made to breathe out this film production undiluted solution in the condition of having kept it 
warm at 45 degrees, making the N,N-dimethylacetamide water solution of 50% of concentration 
breathe out as internal coagulation liquid using the hollow spinning port of a tube in orifice 
mold. This undiluted solution was rolled round at the rate of back 50 m/min by which the 
dipping was carried out during the water bath of 50 temperature already kicked caudad 40cm. 
[0026] The obtained hollow fibers were permeable ability 245 ml/Hr-m2, and [ the bore of 
0.195mm, the outer diameter of 0.310mm, and ] mmHg, and the polyvinyl-pyrrolidone 
abundance in the film surface section for which it asked by XPS was 35%. The obtained hollow 
fiber is used and it is 2 0.02m of effective film surface products. Change was slight, when the 
mini module was created and aging of sink filtration velocity was seen for the cow plasma of 
total protein concentration 5.8 g/L in the state of the linear velocity of 1 cm/second, and filtration 
pressure 200mmHg. 

[0027] Furthermore, when the safety test was carried out based on dialysis mold artificial-kidney 
acknowledgement criteria to the obtained hollow fiber, they were all item success. Those results 
are shown in Table 1. 
[0028] 

[The example 1 of a comparison] The film production undiluted solution which carries out the 
homogeneity dissolution by the ratio of the polysulfone (P-1700) 18 section, the polyvinyl- 
pyrrolidone (K-90) 0.5 section, and the N,N-dimethylacetamide 81.5 section, and has the 
viscosity of 750 centipoises at 45 degrees was obtained. The hollow fiber was obtained like the 
example 1 using this film production undiluted solution except using internal coagulation liquid 
as 65% of N,N-dimethylacetamide water solution. 

[0029] This hollow fiber was permeable ability 183 ml/Hr-m2, and [ the bore of 0.208mm, the 
outer diameter of 0.327mm, and ] mmHg, and the polyvinyl-pyrrolidone abundance on the front 
face of the film was 18%. The same trial as an example 1 was carried out using the obtained 
hollow fiber. Although the safety test was passed, the dewatering engine performance by which 
aging of filtration velocity was stabilized greatly was not obtained. 
[0030] Those results are shown in Table 1. 



[0031] 

[The example 2 of a comparison] The homogeneity dissolution was carried out by the ratio of the 
polysulfone (P-1700) 18 section, the polyvinyl-pyrrolidone (K-15) 25 section, and the N,N- 
dimethylacetamide 57 section, and the film production undiluted solution of 7,600 centipoises 
was obtained at 45 degrees. The hollow fiber was obtained like the example 1 using this film 
production undiluted solution except using internal coagulation liquid as water. 
[0032] This hollow fiber was permeable ability 370 ml/Hr-m2, and [ the bore of 0.192mm, the 
outer diameter of 0.298mm, and ] mmHg, and the polyvinyl-pyrrolidone abundance on the front 
face of the film was 55%. When the same trial as examples 2 and 3 was carried out using the 
hollow fiber obtained in the example 4 of reference, aging of filtration velocity became a 
rejection by the item of the ultraviolet absorption spectrum in a safety test, although the 
dewatering engine performance stabilized small was obtained. 
[0033] Those results are shown in Table 1. 
[0034] 

[Table 1] 
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[0035] 

[Effect of the Invention] Since according to this invention hydrophilization of the film internal 
surface of a polysulfone hollow fiber is carried out by the polyvinyl pyrrolidone and the 
abundance has become 20% - 50%, adhesion of the protein to a hollow fiber internal surface, a 
platelet, etc. is controlled, and it is hard coming to start blinding. Therefore, since the stable 
dewatering capacity is maintainable, while being able to enforce hemodialysis and a blood 
filtration therapy to stability, the polysulfone film of the medical application excellent also in 
safety can be offered. 



TECHNICAL FIELD 

[Industrial Application] This invention relates to a polysulfone hollow fiber, and relates to the 
suitable medical-application polysulfone hollow fiber for hemodialysis and blood filtration 
especially aiming at the therapy of renal failure. 



PRIOR ART 



[Description of the Prior Art] Although the artificial kidney of current various kinds is used for 
the therapy of renal failure, these most are for removing the wastes in the blood which makes a 
urea representation by performing hemodialysis and blood filtration using a hollow fiber. 
Therefore, in order that blood may contact the film, as a membranous material, the safe material 
is used to living bodies, such as a cellulose, cellulose acetate, a polyacrylonitrile, polysulfone, 
polymethylmethacrylate, and an ethylene- vinylalcohol copolymer. 

[0003] On the other hand, if there is much adhesion on film front faces, such as blood protein, in 
order that the dewatering capacity stabilized in stability is searched for for treating since 
hemodialysis and blood filtration need 4 to 5 hours therapy time amount, but dewatering capacity 
may decline with time, a hollow fiber adhesion of the corpuscle component which makes 
adhesion of blood protein or a platelet representation excelled [ hollow fiber ] in few anti- 
thrombus nature and biocompatibility is desired. 

[0004] It is thought that it is useful to give a hydrophilic property to the film generally as a 
means to solve such a technical problem. For example, a membranous hydrophilic property is 
raised to JP,2-18695,B by making content in the inside of the film of a polyvinyl pyrrolidone into 
5 to 70% in the film which consists of a polyvinyl pyrrolidone which are a hydrophobic giant 
molecule and a hydrophilic giant molecule. Although the method of raising biocompatibility and 
anti-thrombus nature is indicated, the hollow fiber internal surface which is the publication only 
about a membranous presentation ratio and becomes the most important for determining the anti- 
thrombus nature of a hollow fiber by which blood contacts directly and is used for medical 
application, and biocompatibility is not indicated at all. 

[0005] the film which contains a hydrophilic giant molecule in JP,61-402,A or JP,62-38205,A on 
the other hand only at a compact layer side - moreover, although the film with which the 
polyvinyl pyrrolidone was unevenly distributed in the internal-surface side of a hollow fiber is 
indicated by JP,4-300636,A, it is only the publication of a hydrophilic giant molecule existing in 
the section near the front face which both contacts the film front face, i.e., blood, itself, and the 
concrete publication about the property is not made at all. 



EFFECT OF THE INVENTION 



[Effect of the Invention] Since according to this invention hydrophilization of the film internal 
surface of a polysulfone hollow fiber is carried out by the polyvinyl pyrrolidone and the 
abundance has become 20% - 50%, adhesion of the protein to a hollow fiber internal surface, a 
platelet, etc. is controlled, and it is hard coming to start blinding. Therefore, since the stable 
dewatering capacity is maintainable, while being able to enforce hemodialysis and a blood 
filtration therapy to stability, the polysulfone film of the medical application excellent also in 
safety can be offered. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] This invention aims at offering the polysulfone 
hollow fiber of the suitable medical application for hemodialysis and blood filtration excellent in 
anti-thrombus nature and biocompatibility. 



MEANS 



[Means for Solving the Problem] In order to offer the medical-application hollow fiber excellent 
in anti-thrombus nature and haemocompatibility, this invention persons come to complete this 
invention wholeheartedly as a result of examination. That is, this invention is a hollow fiber 
which consists of polysulfone system resin and a polyvinyl pyrrolidone, and is the polysulfone 
hollow fiber of the medical application characterized by the abundance of the polyvinyl 
pyrrolidone in an internal surface being 20% or more and 50% or less. 
[0008] This invention is explained below at a detail. Although polysulfone system resin is 
especially the generic name of the high molecular compound which has sulfone association and 
it does not specify, when an example is given, the polysulfone system resin shown by following 
the (1) type or (2) formulas is marketed widely, since acquisition is also easy, it is desirable, and 
polysulfone resin with the chemical structure shown by (1) formula especially is good. The 
polysulfone resin with this structure is marketed by the trade name of you Dell from the Amoco 
performance products, and especially although some classes exist with polymerization degree 
etc., it is not scrupulous. 
[0009] 
[Formula 1] 




[0010] Moreover, the polyvinyl pyrrolidone of various molecular weight is marketed by a plus 
boss's trade name for example, from insertion sequence Py, and a polyvinyl pyrrolidone can use 
the polyvinyl pyrrolidone of every molecular weight in this invention. Since the residual 
percentage of the polyvinyl pyrrolidone to the inside of the film becomes large so that molecular 
weight is large, a with a molecular weight of 300,000 or more polyvinyl pyrrolidone is used 
preferably. 

[0011] The dryness-and-moisture type film production technique which is a technique generally 
known from before on the occasion of film production of a hollow fiber can be used. The 
solution which carried out dissolution mixing is used for the solvent which dissolves both 
polysulfone system resin and polyvinyl pyrrolidone in common as a film production undiluted 
solution for performing dryness-and-moisture type film production. Although it does not specify 
especially as this solvent, it is high, and since acquisition is also easy, solvents, such as N,N- 
dimethylacetamide, N, and N-dimethyl formamide, N-methyl pyrrolidone, and dimethyl 
sulfoxide, can also use solubility simple. N,N-dimethylacetamide is the most desirable when 



safety, cost, etc. to the solubility and living body to polysulfone are considered especially. 
Although these solvents can be used of course independently, it can be used even if it mixes the 
solvent of the class beyond two sorts or it, in order to adjust the solubility which carries out a 
polymer pair. 

[0012] Since film formation will become difficult if the concentration of this polysulfone system 
resin is too low, and film reinforcement becomes weak, or spinning nature will worsen if too 
high, or phenomena, like an aperture becomes small arise Although it is desirable that they are 
15 - 20 % of the weight and further 16 - 18 % of the weight especially 12 to 25% of the weight, it 
can also make it high to make it lower than this range depending on the description of the hollow 
fiber which it is not limited to this range and made into the purpose. 
[0013] A part of the polyvinyl pyrrolidone added in the film production undiluted solution 
remains in the film in the process in which the film is formed. Since the residual rate changes 
with the molecular weight and the spinning conditions of a polyvinyl pyrrolidone, although the 
optimal concentration of a polyvinyl pyrrolidone changes, generally its 1 - 20 % of the weight is 
good, and 3 - 10 % of the weight is still more preferably good [ concentration ] two to 15% of the 
weight preferably. Since a polyvinyl pyrrolidone becomes easy to remain in the film as 
molecular weight becomes large, the concentration may be low when the molecular weight of a 
polyvinyl pyrrolidone is large. For example, especially when the molecular weight of a polyvinyl 
pyrrolidone is 300,000 or more, it is desirable that it is 3 - 7 % of the weight one to 15% of the 
weight. 

[0014] Since the polyvinyl pyrrolidone which remains in the film will decrease too much if 
lower generally than 1 % of the weight, the polyvinyl pyrrolidone which exists in a hollow fiber 
internal surface becomes 20% or less, hydrophilization becomes inadequate, adhesion of blood 
protein becomes intense, and the stable dewatering engine performance is no longer obtained. 
Moreover, since the viscosity of a film production undiluted solution will become high too much 
and film production will become difficult if higher than 20 % of the weight, the addition of a 
polyvinyl pyrrolidone is within the limits, and should be set [ above-mentioned ] up suitably. 
[0015] Moreover, for the aperture control of a hollow fiber made into the viscosity control or the 
purpose of this film production undiluted solution, it is also possible to add nonsolvents, such as 
tetraethylene glycol, propylene glycol, ethanol, isopropyl alcohol, a glycerol, and water, and it 
can choose suitably according to the description of the hollow fiber made into the purpose about 
the class and an addition. What is necessary is for film production of a hollow fiber to extrude 
internal coagulation liquid, and to make it run the distance of lm from 5 cm, and to carry out the 
dipping of it and just to roll it round after that the back and into a coagulation bath, from a core 
part, at the same time it extrudes this film production undiluted solution from the sheath using 
the spinning port of a tube in orifice mold. 

[0016] Although the liquid which made water the subject as internal coagulation liquid and 
coagulation bath liquid is used, in order to discover the description of the hollow fiber made into 
the purpose, the solvent of polysulfone resin and the mixed liquor of water can be used. It is that 
still more desirable one considers as 3,000 to 4,500 centipoise on the occasion of film production 
although it is desirable that it is the undiluted solution viscosity at the time of film production, 
and is 1,500 to 6,000 centipoise as for important one. That is, although the part is eluted into a 
coagulation bath at the time of film coagulation since a polyvinyl pyrrolidone is water solubility, 
it is because the spreading diffusion of a polyvinyl pyrrolidone is suppressed by making 
undiluted solution viscosity high and it becomes easy to remain in the film. 
[0017] Although the mileage of the air section is still more important, when the dipping of the 



hollow filament is carried out into a coagulation bath in the condition that it is not fully 
completed as the reason, membranous formation, i.e., coagulation, but the spreading diffusion of 
the polyvinyl pyrrolidone can still be carried out, it is because a polyvinyl pyrrolidone is eluted 
into a coagulation bath and a polyvinyl pyrrolidone stops remaining into the film. 
[0018] Therefore, as for the film production undiluted solution extruded from the spinning port, 
it is desirable to fully have solidified, by the time a dipping is carried out into a coagulation bath, 
and it is desirable that time amount after a film production undiluted solution is extruded from a 
spinning port for that purpose until a dipping is carried out into a coagulation bath is 0.1 seconds 
or more and 0.3 more seconds or more. When for that a spinning rate is a part for 50m/, the 
distance of the air section is good to be about referred to as 8cm or more and 25 morecm or 
more. Moreover, although it is so desirable that it is not necessarily specified and enlarges about 
the upper limit, since it will become easy to generate the thread breakage if it enlarges not much, 
it is good that it is the range which does not exceed 100cm. 

[0019] The hollow fiber by which the dipping was carried out to the coagulation bath rolls round, 
after rinsing in a wash bath further if needed. In order to remove a non-washed residual solvent, 
that what is necessary is for warm water etc. just to wash further, the obtained hollow fiber can 
make aperture hold-back agents, such as a glycerol, able to adhere if needed, and can also be 
dried. Thus, the poly vinyl-pyrrol idone abundance on the front face of the film had become 20% 
or more and 50% or less, the obtained hollow fiber was excellent in anti-thrombus nature and 
biocompatibility, and its film surface adhesion of protein, a platelet, etc. was also slight. This 
film demonstrates big effectiveness, in order to have the stable dewatering capacity and to treat 
hemodialysis, blood filtration, etc. to stability. 

[0020] By the way, although the detail about the dewatering capacity stabilized why by making 
the abundance ratio on the front face of the film of a polyvinyl pyrrolidone into 20% or more 
being acquired is unknown Abundance required for the polyvinyl pyrrolidone which is the giant 
molecule of a hydrophilic property to cover the surface section of the polysulfone which is the 
hydrophobicity which is originally easy to adsorb protein etc., and hide it is 20% or more. Since 
hydrophilization of the film front face is fully carried out as the result, it is expected that the 
dewatering capacity by which adsorbent [ of the protein on the front face of the film etc. ] was 
weakened and stabilized is acquired. 

[0021] Moreover, since a problem may crop up on safety in order that the engine performance is 
stable since hydrophilization of the film front face is further earned out if the abundance on the 
front face of the film of a polyvinyl pyrrolidone is larger than 50%, but on the other hand the 
danger that a polyvinyl pyrrolidone will be eluted in blood in the time of hemodialysis etc. may 
follow, as for the abundance of a polyvinyl pyrrolidone, it is desirable that it is 50% or less. 
[0022] In addition, the abundance of the polyvinyl pyrrolidone on the front face of the film as 
used in the field of this invention say the abundance calculated from the nitrogen content and 
sulfur content in the film surface section for which blood be the abundance in the pole surface 
section in contact with the film, and it specifically asked with the X ray photon spectrum (X-ray 
photoelectron spectroscopy, henceforth, XPS), and when polysulfone resin be the structure of (1) 
type, it can ask by count by (3) types. 
[0023] 
[Equation 1] 
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EXAMPLE 

[Example] This invention is explained based on an example and the example of reference below 

at a detail. 

[0025] 

[Example 1] The homogeneity dissolution of the polysulfone resin (Amoco performance 
products, P-1700) 18 section, the polyvinyl-pyrrolidone (insertion sequence Py, plus boss K-90, 
molecular weight 360000) 5 section, and the N,N-dimethylacetamide 77 section was carried out. 
This undiluted solution had the viscosity of 3,800 centipoises at 45 degrees. Coincidence was 
made to breathe out this film production undiluted solution in the condition of having kept it 
warm at 45 degrees, making the N,N-dimethylacetamide water solution of 50% of concentration 
breathe out as internal coagulation liquid using the hollow spinning port of a tube in orifice 
mold. This undiluted solution was rolled round at the rate of back 50 m/min by which the 
dipping was carried out during the water bath of 50 temperature already kicked caudad 40cm. 
[0026] The obtained hollow fibers were permeable ability 245 ml/Hr-m2, and [ the bore of 
0.195mm, the outer diameter of 0.310mm, and ] mmHg, and the polyvinyl-pyrrolidone 
abundance in the film surface section for which it asked by XPS was 35%. The obtained hollow 
fiber is used and it is 2 0.02m of effective film surface products. Change was slight, when the 
mini module was created and aging of sink filtration velocity was seen for the cow plasma of 
total protein concentration 5.8 g/L in the state of the linear velocity of lcm/second, and filtration 
pressure 200mmHg. 

[0027] Furthermore, when the safety test was carried out based on dialysis mold artificial-kidney 
acknowledgement criteria to the obtained hollow fiber, they were all item success. Those results 
are shown in Table 1 . 
[0028] 

[The example 1 of a comparison] The film production undiluted solution which carries out the 
homogeneity dissolution by the ratio of the polysulfone (P-1700) 18 section, the polyvinyl- 
pyrrolidone (K-90) 0.5 section, and the N,N-dimethylacetamide 81.5 section, and has the 
viscosity of 750 centipoises at 45 degrees was obtained. The hollow fiber was obtained like the 
example 1 using this film production undiluted solution except using internal coagulation liquid 
as 65% of N,N-dimethylacetamide water solution. 

[0029] This hollow fiber was permeable ability 183 ml/Hr-m2, and [ the bore of 0.208mm, the 
outer diameter of 0.327mm, and ] mmHg, and the polyvinyl-pyrrolidone abundance on the front 
face of the film was 18%. The same trial as an example 1 was carried out using the obtained 
hollow fiber. Although the safety test was passed, the dewatering engine performance by which 
aging of filtration velocity was stabilized greatly was not obtained. 
[0030] Those results are shown in Table 1. 
[0031] 

[The example 2 of a comparison] The homogeneity dissolution was carried out by the ratio of the 



polysulfone (P-1700) 18 section, the polyvinyl-pyrrolidone (K-15) 25 section, and the N,N- 
dimethylacetamide 57 section, and the film production undiluted solution of 7,600 centipoises 
was obtained at 45 degrees. The hollow fiber was obtained like the example 1 using this film 
production undiluted solution except using internal coagulation liquid as water. 
[0032] This hollow fiber was permeable ability 370 ml/Hr-m2, and [ the bore of 0.192mm, the 
outer diameter of 0.298mm, and ] mmHg, and the polyvinyl-pyrrolidone abundance on the front 
face of the film was 55%. When the same trial as examples 2 and 3 was carried out using the 
hollow fiber obtained in the example 4 of reference, aging of filtration velocity became a 
rejection by the item of the ultraviolet absorption spectrum in a safety test, although the 
dewatering engine performance stabilized small was obtained. 
[0033] Those results are shown in Table 1. 
[0034] 
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[Translation done.] 



